Background: Family-based intervention is essential for adolescents with behavioral problems. However, limited data are available on the relationship between family-based factors and adolescent internet addiction (AIA). We aimed to examine this relationship using a representative sample of Shanghai adolescents. Methods: In October 2007, a total of 5122 adolescents were investigated from 16 high schools via stratified-random sampling in Shanghai. Self-reported and anonymous questionnaires were used to assess parent-adolescent interaction and family environments. AIA was assessed by DRM-52 Scale, developed from Young's Internet-addiction Scale, using seven subscales to evaluate psychological symptoms of AIA.
Background
Rates of internet access were continuing to increase in both developing and developed countries [1] [2] [3] [4] [5] . With rapid rise in internet use over the past decade, and with adolescents' immature physical and psychological development, adolescent internet addiction (AIA) is increasingly becoming a serious problem and has caused great concern from the public and specialists alike [1, 2, [6] [7] [8] [9] [10] .
The conceptualization or definition of internet addiction was originally based on pathological gambling and substance use, but is still debated by academics and clinicians now [11] . Nonetheless, internet addiction is generally described in the psychological literature as an individual's inability to control internet use, having the core symptoms including withdrawal reaction, preoccupation, tolerance, and significant functional impairments [11] [12] [13] [14] . AIA reduced adolescent academic achievement, impaired psychological well-being of adolescents, and gave rise to psychosomatic symptoms and interpersonal problems in adolescents [8, 15] . AIA may also induce structural changes in the brain regions including anterior cingulated cortex, orbitofrontal cortex and dorsolateral prefrontal cortex, or executive dysfunction such as elevated impulsivity and impaired cognitive control [13, 16] .
Identification of family characteristics of adolescent internet addicts is helpful for family-based intervention, considered the essential part of cognitive behavioral treatment and psychosocial support for adolescent internet addicts [11] . However, limited data are available on the relationship between AIA and family.
Poor family function was found to be one of the most important risk factors for addictive substance use and other severely abnormal adolescent behaviors [15, [17] [18] [19] [20] [21] . Some studies have noted that family may play a role in the development of AIA [2, 22] , but many limitations existed in those studies. Firstly, maternal role and paternal role in the development of AIA were not separately discussed in detail before, and details on family economic levels were not questioned. Secondly, in previous studies, the independent risk factors for AIA from family environments were not explored after controlling for adolescent school performances and levels of the consumption expenditure. Finally, most of the previous studies were conducted in small and non-representative study populations, and the corresponding results may be biased due to nonprobability sampling. Therefore, there is a need for more representative surveys [4, 22, 23] .
The objective of this study was to identify the relationship between AIA and patterns of parent-adolescent interaction using a representative sample of Shanghai adolescents.
Methods

Study design and participants
The sample was recruited from junior and senior high schools in Shanghai from October to November 2007. The survey was an anonymous, self-administered and paper-and-pencil questionnaire, conducted in classroom settings.
Stratified and cluster random sampling was performed to ensure that participants were representative of the overall adolescent population in Shanghai. Sampling method was described in detail before [5] . We randomly selected 6 administrative districts out of 19 administrative districts in Shanghai depending on their geographical features, socioeconomic characteristics, and population density. Within the 6 districts, in urban or suburban area, we randomly selected 2 junior high schools and 6 senior high schools (2 ordinary, 2 key, and 2 vocational). All the students in 7 th -12 th grades in each school were enrolled. Therefore, in total, 16 high schools and 5135 adolescents were recruited. Thirteen subjects were excluded based on missing data on more than 3 variables in general information questionnaire or due to missing data in DRM-52 Scale. This resulted in a total sample of 5122 adolescents (response rate: 99.8%).
School approval and parental informed consent (written) were obtained at the study's initiation. The study received approval from the medical ethical committee of Xinhua Hospital affiliated to Shanghai Jiao Tong University School of Medicine.
Variables
The questionnaire contained 3 parts: 1) individual adolescent information included age, gender, grade, district and the type of school, 2) family factors, self-assessed levels of academic achievement and levels of monthly consumption expenditure that may potentially affect internet use, 3) adolescent behaviors of internet usage. Familial background variables included parental education levels, occupations, marital status, family structure, residence rented or owned, having cars/computers/internet access at home or not, adolescent having private bedrooms or not, only child or not, residential or commuter students, adolescents' monthly allowance levels. Quality of the parent-adolescent relationship was evaluated with data from answers to the following questions: What is your perception of the quality of your mother-father relationship? Of your relationship with your mother? Of your relationship with your father? What is your perception of parental attitude toward your internet use?
Measures
AIA was assessed by DRM-52 Scale, developed from Young's Internet-Addiction Scale and adapted for use in Shanghai [5, 12, 24] . The scale included all contents of Young's scale, used both direct and indirect questions to collect data, and used seven subscales to evaluate psychological symptoms of AIA. A detailed description of the contents of seven subscales and psychometric properties of the scale was described before [5, 24] .
The total score on DRM-52 Scale ranged from 0 to 260. A score of zero meant that an adolescent never used the internet, a score over 163 was defined as internet addiction, and higher scores indicated increasing severity of internet addiction [5, 24] .
Statistical analysis
For univariate analyses, a one-way analysis of variance (ANOVA) was used to analyze the differences of total scores of DRM-52 Scale and Chi-square was used to compare the prevalence rates of AIA or internet-use among different levels of the same family background variable. For multivariable regression, binary logistic regression and multiple linear regression analyses (stepwise model) were both adopted to evaluate the strength of association between family factors and AIA, and linear regression was also used to evaluate the association between family factors and symptoms of seven subscales. In the first stage, Base Model 1 included all family background variables mentioned above (in "Variables"); Base Model 2 included adolescent personal variables such as adolescents' genders, grades, types of schools, levels of academic achievement and levels of monthly consumption expenditure [5] . To control for potential confounding, we used another two models to evaluate the effects of family on the development of AIA. Model 1 adjusted for all the personal variables included in Base model 2 which were shown to be independent risk factors for AIA [5] . Because possible relationship between family structure, marital status, and AIA were mentioned in previous studies [2, 18, 21, 22] , Model 2 was performed to force two additional variables including family structure and marital status into the model. Data stratification by adolescent boarding status and monthly allowance was performed. The statistical significance was set at p <0.05 (two tailed).
Results
Of the 5122 participants, the mean age of respondents was 15.9 years with a range from 11.3 to 20.4 years, and the boy/girl ratio was close to 1:1 (2542 boys, 49.6%; 2580 girls, 50.4%). As shown in Tables 1 and 2, the sample was from diverse socioeconomic backgrounds.
Bivariate associations between family background variables and adolescent internet-use/internet-addiction
Adolescent internet-use levels were found to be associated with factors relating to family's social-economic status (SES). Adolescents from high SES families had higher internet-use levels than adolescents from low SES families (Table 1) .
Of parent-adolescent interaction patterns, compared with adolescents whose parents approved of their internet use, adolescents who perceived strong parental disapproval had lower internet-use levels but with higher total scores and a higher prevalence of AIA. Adolescents with worse relationships with the mother or with the father had higher total scores and a higher prevalence of AIA. Of marital status, adolescents from married-butseparated families had the highest total scores and the highest prevalence of AIA (Table 2) .
Adjusted associations between family background variables and adolescent internet-use/internet-addiction
After controlling for confounding influences, both multivariate linear regression and logistic regression analyses showed that adolescents whose parents strongly disapproved of their internet-use had higher risks of AIA than adolescents whose parents approved (odds ratio (OR): 2.20, 95% confidential interval (CI): 1.24-3.91, Table 3 ), and were significantly associated with symptoms of 6 subscales (however, not significantly associated with the Time-Consuming symptom) ( Table 4) . When compared to adolescents who had good mother relationships, adolescents with bad mother relationships were more likely to develop AIA (OR 3.79, 95% CI: 2.22-6.48, Table 3 ), and had corresponding symptoms in Socialization, Planning, Negative-Life-Consequences and Tolerance subscales (Table 4 ). Bad father-adolescent relationship was associated with AIA (OR 1.76, 95% CI: 1.10-2.80) and with the symptom of Withdrawal subscale (Tables 3 and 4 ).
In Model 2, we found significant association between marital status of married-but-separated and AIA (OR: 2.06, 95% CI: 1.05-4.06, Table 3 ), and between marital status of married-but-separated and significant symptoms in Lackof-Control and Withdrawal subscales (Table 4) , and association between family structure of three-generation families and fewer symptoms in Negative-Life-Consequence and Tolerance subscales, as well as significant association between family structure of left-behind adolescents and Time-Consuming subscale ( Table 4 ). Results indicated a marginal association between the total scores of DRM-52 Scale and variables of family structure and marital status, suggesting that these two variables were potential but not strong risk factors for AIA.
For resident students, high monthly allowance was associated with higher risk of AIA (> 600 RMB/month vs < 100 RMB/month, OR: 3.60, 95% CI: 1.27-10.20). However, for commuter students, adolescents with high monthly allowance were not significantly associated with AIA (Table 3) .
No factors related to family SES entered any final regression models.
Discussion
This study demonstrated that parent-adolescent interactions played an important role in the development of AIA. However, familial SES had no significant impact on the development of AIA.
Parent-adolescent interaction compared to family SES in the development of AIA
Our study showed that strong parental disapproval of adolescent internet use was significantly associated with the development of AIA. This may be explained by the poor quality of parent-adolescent communication such that adolescents were unwilling to take advice from their parents. Previous studies [25] found that adolescents' perceptions of parental disapproval of their engaging in sex might be associated with increased risk for adolescent sexual behavior, and adolescent perceptions of parental attitudes tended to be more predictive of risky sexual behavior than actual parental attitudes. This trend was verified in our study that showed the importance of improving parent-adolescent communication.
Few studies discussed the role of family economic status in AIA. The result of one small study was consistent with ours in that family SES had no significant effects on AIA [22] . As for the role of monetary allowance in adolescent behaviors, one previous paper reported significant association between high monthly allowance and smoking in young urban Malaysian women [26] . In this study, high monthly allowance was a risk factor for AIA in resident students, but not a risk factor for AIA in commuter students. Due to relative freedom from parental supervision, high monthly allowance may provide opportunities to resident students to frequently use internet. "Peer effects" (peer influences on drinking, smoking, and frequent internet usage) may also have significant impacts on development of AIA in resident students [27] . However, for commuter students, their parents usually had more opportunities to supervise their spending of money, in general, their daily living expenses had been paid by their parents directly. Therefore, higher monthly allowance might not be related to more monthly spending in commuter students, rather, it reflect the common parental confidence in those adolescents. This result also suggested the importance of parental supervision and parent-adolescent harmonious interaction in prevention of AIA.
The maternal and paternal roles in guiding adolescent internet use
Maternal factors were found to play a central role in guiding adolescents in appropriate internet use. A previous study contrasting 72 mother-child dyads in the Netherlands and another study investigating 635 Arab Muslim immigrant mother-adolescent pairs both found that mother-adolescent relationship affected adolescent Prevalence of Internet use: the ratio of the number of adolescents using internet to the number of the whole adolescent sample in that group. Chi-square was used to compare the prevalences of internet-use among different levels of the same family background variable. c Total scores: total scores of DRM-52 Scale. ANOVA was used to analyze the differences of total scores of DRM-52 Scale among different levels of the same family background variable. d Prevalence of AIA: the ratio of the number of internet-addicted adolescents to the number of the whole adolescent sample in that group. Chi-square was used to compare the prevalences of AIA among different levels of the same family background variable. The logistic regressions were fitted to model the possibility of adolescent having AIA. We set ‶0″ for adolescents with total scores of DRM 52 scale <163 and ‶1″ for adolescents with total scores ≥163. Relatively agree Linear regressions were used to model the relationship between family factors and AIA and between family factors and symptoms of 7 subscales. Total scores and subscale scores of DRM-52 Scale were respectively taken as dependent variables. Adjusted R squares for these models were around 0.3. c In these models, adolescent gender, age, grade, the type of school, monthly consumption expenditure, academic achievement levels and family social economic status were adjusted. Two variables including family structure and marital status were forced. behavior adjustment greatly [28, 29] . Another study of 55 Latino families revealed that mother-adolescent communication affected both adolescent behaviors and attitudes toward premarital sex and adolescents' perceptions of openness in the mother-adolescent relationship [30] . These studies were consistent with our results in showing the importance of improving mother-adolescent relationship in adjusting adolescent behaviors. In our study, poor father-adolescent relationships were associated with the development of AIA, but were less significantly associated with AIA than maternal factors. This might suggest that, when compared with mothers, fathers in Chinese culture remain underrepresented in most child-related activities.
Effects of marital status and family structure on AIA
Our study showed that adolescents from three-generation families were less likely to develop symptoms of AIA than those from other kinds of family structures. This was consistent with previous studies [17, 19] and appeared to be due to supervision from both parents and grandparents.
Our study also showed that parental marital status of married-but-separated was marginally associated with AIA. One possible explanation is that adolescents might suffer from conflict or neglect as the separate status was maintained, and related emotional or behavioral problems might occur. Internet addiction might therefore develop due to the lack of parental supervision and adolescent emotional problems, similar to findings in previous studies [2, 11, 18, 21, 22, 25] .
Our study also showed that left-behind adolescents were prone to developing symptoms of AIA. Over the past twenty years, China has experienced rapid urbanization as more and more parents migrated from rural areas to cities or went abroad to enhance their careers or improve their economic condition. As a result, more adolescents were left behind. The prevalence of internet addiction among leftbehind adolescents was most probably due to lack of parental care and supervision [31, 32] .
Limitations
Firstly, there is no consensus on the diagnostic criteria for internet addiction. Although DRM-52 Scale was meant to absorb the essence of former instruments [11, 12, [33] [34] [35] and had relatively satisfactory psychometric properties, this scale might not be totally comprehensive and might need further refinement. The second limitation may be our reliance on data reported by adolescents themselves. Although anonymous questionnaires should have guaranteed confidentiality, a reporting bias is still possible. Thirdly, adolescents' perception of parent-adolescent relationship might not fully reflect the real situation [29] . Fourthly, we may miss some other family factors relating to AIA that were not included as variable candidates in our questionnaire. Finally, our cross-sectional study raised the possibility of reverse causality, for example, that AIA may be a risk factor for worse mother-adolescent relationships (rather than the reverse).
Conclusion
To the best of our knowledge, this is the first detailed report on the relationship between adolescent internet use or addiction and patterns of parent-adolescent interaction. Our findings demonstrated that the quality of parent-adolescent (especially mother-adolescent) relationship/communication is closely associated with the development of AIA, but family SES or family structure is not. The present findings may be applied to family-based prevention and early intervention of AIA.
